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PRELIMINARY AMENDMENT TO REDUCE PTO FILING FEE 

Assistant Commissioner for Patents, 
Washington, DC 20231 

Sir: 

Please amend the above-identified application as follows. 

In the Claims : 

Kindly amend claims 3 and 4 as follows. 

3. (Amended) The method for ultra-fast conversion of time signal into two- 
dimensional space signal according to claim 1, wherein space frequency filtering is employed as 
the time-frequency filter. 

4. (New) The method for ultra-fast conversion of time signal into two-dimensional 
space signal according to claim 1, wherein the time-frequency filter has a different transmissivity 
distribution and a vertical cut out position of a space frequency component of a light wave 
outputted from the one-dimensional Fourier Transform light system is arbitrarily selected. 
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ATTACHMENT D 



Kindly add new claims 5-7 as follows. 

5. (New) The method for ultra-fast conversion of time signal into two-dimensional 
space signal according to claim 2, wherein space frequency filtering is employed as the time- 
frequency filter. 

6. (New) The method for ultra-fast conversion of time signal into two-dimensional 
space signal according to claim 2, wherein the time-frequency filter has a different transmissivity 
distribution and a vertical cut out position of a space frequency component of a light wave 
outputted from the one-dimensional Fourier Transform light system is arbitrarily selected. 

7. (New) The method for ultra-fast conversion of time signal into two-dimensional 
space signal according to claim 3, wherein the time-frequency filter has a different transmissivity 
distribution and a vertical cut out position of a space frequency component of a light wave 
outputted from the one-dimensional Fourier Transform light system is arbitrarily selected. 

REMARKS 

The above claim amendments are presented in order to remove multiple claim 
dependencies, so as to reduce the required filing fee. 

Attached hereto is a marked-up version of the changes made to the claims by the current 
amendment. The attached page is captioned " Version with markings to show changes made /' 
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Respectfully submitted, 



Yoshiki ICfflOKA etal. 




Charles R. Watts 
Registration No. 33,142 
Attorney for Applicants 
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difference of incident positions on the dispersion device ere 
paseed through en one -dimensional Fourier transformation 
optical system bo as to be converted into one - dimensional 
frequency light distributions having different incident angles 
depending on the incident positions on the dispersion device, 
the one -dimensional frequency light distributions is introduced 
into a nonlinear optical crystal, a second-harmonic which is 
generated by satisfying phase matching condition determined 
depending on an angle formed by the incident one •dimensional 
frequency light distributions is subjected to time-to-space 
conversion through an inverse one -dimensional Fourier 
transformation optical system so as to be converted to an 
one -dimensional space distribution, the time - to - space 
converted one -dimensional space distribution is converted into 
an one-dimensional 1 space frequency distribution by an 
one -dimensional Fourier transformation optical system, the 
one -dimensional space frequency distribution is subjected to 
filtering by a time -space filter, light wave thus obtained is 
subjected to time - frequency expansion through an inverse 
one -dimensional Fourier transform optical system so as to obtain 
an intensity distribution of a two-dimensional light 
distribution, and the time - frequency expanded two-dimensional 
light distribution representing a relation between time and 
frequency of the signal pulse light is regarded as a two 
dimensional space signal. 

3. The method for ultra-fast conversion of time signal into 
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two-dimensional space signal according to claim 1 j^r^J*, wherein 
space frequency filtering ia employed as the time-frequency 
filter. 

4. The method for ultra-fast conversion of time signal into 
two-dimensional space signal according to - any a no o f claim// 1 
Jtre-^3, wherein the time- frequency filter has a different 
transmissivity distribution and a vertical cut out position of 
a space frequency component of a light wave outputted from the 
one -dimensional Fourier Transform light system is arbitrarily 
selected* 
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DESCRIPTION 

METHOD FOR ULTRA- FAST CONVERSION OF TIME SIGNAL INTO 
TWO-DIMENSIONAL SPACE SIGNAL 

Technical Pield 

The present invention relates to a method for ultra- fast 
conversion of two-dimensional information encoded to an 
ultra-short light pulse signal into a two* dimensional space 
signal . 

Background Art 

In optical communication, transmission capacity has been 
increased by using methods such as time multiplexing or 
wavelength multiplexing for realization of real-time 
transmission o£ multi -media information (particularly, image 
information) . The signal f ormusedf or the real - time transmission 
is basically a time signal. Because of the transmission capacity 
increase, it is necessary to perform conversion (encoding) of 
information to be transmitted into time signals and expansion 
(decoding) of the information converted into the time signals 
at a ultra -high speed. For this reason, there has been proposed 
a "space -to -time -to -space signal processing method" which 
realises ultra - fast conversion of signal f ormbetween time signal 
and two or more dimensional space signal such as image information. 
However, this space- to- time- to- space signal processing method 
has a problem that must be solved in time- to- two-dimensional 
space signal conversion technology. 

1 



ATTACHMENT B 



Various methods have been proposed as the method for 
realizing ultra- fast conversion of signal form between time 
signal and space signal. However, although the conventional 
methods are capable of carrying out ultra- fast conversion into 
one -dimensional space signal, some of them basically need to 
perform active scanning for conversion into two or more 
dimensional space signal and thus have a limitation in 
transformation speed. On the other hand, there are some methods 
that do not need to perform active scanning, but space signal 
converted by such methods cannot be observed with any ultra -fast 
light -receiving device available today. 

Disclosure of Invention 

Accordingly, an object of the present invention is to 
provide a method for ultra -fast conversion of time signal into 
two-dimensional space signal which is capable of realizing 
ultra- fast conversion of signal form from time signal to 
two dimension. 1 epaee eignal without »«r£<»Mia0 aotive-oaan and 

also is capable of displaying the two-dimensional space signal 
in a visible region with a temporally steady state. 

To at tain the above -described object, firstly, the present 
invention provides a method for ultra- fast conversion of time 
signal into two-dimensional space signal wherein a signal light 
pulse and a reference ultra-short light pulse having an 
appropriate width in apace are introduced into a nonlinear 
crystal through a dispersion device and an one -dimensional 
Fourier transformation optical system, a second-harmonic wfcicH 
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is generated by satisfying phase matching condition in the 
nonlinear crystal is subjected to time- to- space conversion 
through an inverse one -dimensional Fourier transformation 
optical system so as to be converted into an one - dimensional 
space distribution, the time- to- space converted 
one -dimensional space distribution is subjected to filtering 
with a time -frequency filter provided on a filter plane of an 
one -dimensional space frequency filtering optical system, and 
a time -frequency expanded two-dimensional light distribution 
representing a relation between time and frequency of the signal 
pulse ligbt is regarded as a two dimensional space signal. 

Secondly, the present invention provides a method for 
ultra- fast conversion of time signal into two-dimensional space 
signal wherein a signal light pulse and a reference ultra-short 
light pulse having an appropriate width in apace are introduced 
into a dispersion device at angles symmetric with respect to 
optical axis, light waves from the signal light pulse and the 
reference ultra-short ll»ht pulse which axe dispersed due to 
a time difference genera tedby a difference of incident positions 
on the dispersion device are passed through an one -dimensional 
Fourier transformation optical system so as to be converted into 
one -dimensional frequency light distributions having different 
incident angles depending on the incident positions on the 
dispersion device, the one -dimensional frequency light 
distributions is introduced into a nonlinear optical crystal, 
a second -harmonic which is generatedby satisfyingphasematching 
condition determined depending on an angle f ormedby the incident 
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one -dimensional frequency light distributions is subjected to 
time -to -space conversion through an invar ae ono-dimenaional 
Fourier tranaf ormation optical ay a torn ao aa to be converted to 
an ono-dimenaional apace distribution, the time -to -apace 
converted one -dimensional apace dietribution ia converted into 
en one-dimenaional space frequency distribution by an 
one -dimensional Fourier transformation optical ays tern, the 
one -dimensional apace frequency distribution ia subjected to 
filtering by a tine -apace filter, light wave thus obtained is 
subjected to time • frequency expansion through an inverse 
one -dimensional Fourier transform optical ayatemao aa to obtain 
an intensity distribution of a two-dimensional light 
dietribution, and the time - frequency expanded two -dimensional 
light distribution representing a relation between time and 
frequency of the signal pulse light is regarded as a two 
dimensional space signal. 

Thirdly, the present invention provides the 
above -described methods for ultra - £*»fc conversion of time signal 
into two-dimensional space signal wherein space frequency 
filtering is employedas the time- frequency filter, andf ourthly , 
the present invention provides either of the above -described 
methods for ultra-fast conversion of time signal into 
two-dimenaional space signal wherein the time -frequency filter 
has a different tranamissivity distribution and a vertical cut 
out position of a space frequency component of a light wave 
outputted from the one -dimensional Fourier Transform light 
system is arbitrarily selected. 



Brief Description of Drawings 

Fig. 1 is a diagram showing an example of the structure 
of time -to- two- dimensional space signal conversion optical 
system to be used in the method for ultra* fast conversion of 
time signal into two-dimensional space signal according to the 
present in ven t i on - 

Reference numerals designate the followings. 
1: time -to- two- dimensional space signal conversion optical 
system 

2: diffraction grating 
3: signal light 
4: reference light 
5: cylindrical lens 
6 1 nonlinear crystal 

7: one- dimensional f regency distribution of signal light 

8: one -dimensional frequency distribution of reference light 

9 i cylindrical 

10 s cylindrical lens 

Hi time -frequency filter 

12 t cylindrical lens 

13: two-dimensional space distribution 

100: incident plane 

101 i nonlinear crystal plane 

102: time -to -space conversion plane 

103: time -frequency filter plane 

104s output plane 



Best Mods for Carrying Out the Invention 

The present invention has the forgoing features, and the 
embodiment thereof will be described hereinafter. 

Fig. 1 shows an example of the structure of the 
time- to -two -dimensional space signal conversion optical system 
for performing the method of ultra -fast conversion from time 
signal to two-dimensional space signal according to the present 
invention. This time- to- two-dimensional space signal 
conversion optical system 1 is capable of converting a signal 
light pulse being a time signal , which is ultra - short pulse laser 
light in this example, into a two-dimensional space signal 
corresponding to time and frequency by using a dispersion device 
such as a diffraction grating, an one -dimensional Fourier 
transformation lens, an one -dimensional inverse -Fourier 
transformation lens, a nonlinear crystal for generation of a 
second -harmonic, an one -dimensional space frequency filtering 

•y.t.m, and tim.-fr.qu.ncy filter- Tfc.fc «Ko%m 1» *la- 

1, signal lightB (3) and (4) are introduced into a diffraction 
grating (2) , which is a dispersion device, at angles symmetric 
with respect to optical axis, thereby light waves are deflected 
in a direction based on the diffraction formula. Because each 
of the signal light and the reference lignt has a certain width 
in its Incident beam, a time difference occurs depending on their 
incident positions onto the diffraction grating. Then, the 
light waves are subjected to Fourier transform with respect to 
horizontal components by an one -dimensional Fourier transform 
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optical system composed of a cylindrical lens (S) , thereby 
spectrum distributions of the signal light and the reference 
light are obtained on a nonlinear crystal plane <101) es space 
distributions. Because the propagation direction (wave vector) 
of the light wave differs depending on a difference of the incident 
position onto the diffraction grating, the wave front of the light 
wave rotates with time in the nonlinear crystal plane 101. 

When the light waves of the signal light and the reference 
light are introduced into the nonlinear crystal , there is emitted 
a second -harmonic whose wave vector is a sum of two wave vectors 
by phase matching due to nonlinear effect* Although the wave 
vectors of the light waves of the signal light and the ref «r«nc« 
light rotate with time, the second -harmonic continues to be 
emitted in a steady state on time basis because change rates 
of the rotation with time are equal . Therefore, the wave vector 
of the second -harmonic depends on only initial wave vectors of 
the wave vectors of the two light waves , so that it depends on 
a relative time batwaan tha signal light and the r«f«rane« light. 

Further, within the nonlinear crystal, the light wave of the 
signal light is scanned by the light wave of the reference light 
and thus the space distribution of the second harmonic becomes 
equal to the spectrum distribution 7 of the signal light. 

The second- harmonic thus obtained is image -formed on a 
time-frequency filter plane (103) by an image -formation optical 
aystem comprised of cylindrical lenses (9) (10) . As a 
time -frequency filter (11), a filter designed such that the 
frequency of frequency component to be cut out is increased in 



order la a vertical direction is used. By changing 
trausmissivity distribution of the time • frequency filter , it 
is possible to set up which frequency component can be cut out 
to which position in the vertical direction. 

The second •harmonic f ilteredby the time 'frequency filter 
haa a wave vector corresponding to time in a horizontal direction 
and a distribution corresponding to frequency in a vertical 
direction. This second -harmonic is subjected to Fourier 
transformation about its horizontal direction component by an 
one -dimensional inverse Fourier transformation optical system 
comprised of a cylindrical lens (12) . As a result, there is 
obtained/ on an output plane (104) , a two-dimensional space 
distribution (13) of the light wave having a time distribution 
in the horizontal axis direction and a spectrum distribution 
in the vertical direction* Consequently, it is possible to 
convert the time signal contained in the ultra-short light pulse 
into the two-dimensional space distribution of time and 
frequency. 

Of course, the present invention is not restricted to the 
above -de scribed example and may be changed or modified in various 
ways * For example , although the diffraction grating is employed 
as the dispersion device in the above -described example, other 
dispersion device may be used. Further , although the 
cylindrical lenses are employed as the Fourier transformation 
optical system and the inverse -Fourier transformation optical 
system in the above -described example, other optical device may 
be used. Furthermore, although the transmission type filter 
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is used as the time -frequency filter in the above -described 
example i a phase type filter may also be used* 

Industrial Applicability 

As described above, according to the method for ultra- fast 
conversion of time signal into two-dimensional space signal of 
the present invention, it is possible to convert the time signal 
into its corresponding two* dimensional space si anal at a 
ultra -high speed without performing active -scan unlike the 
conventional method and also display the converted signal 
directly with a visible light when an infrared ray falling in 
a wavelength region used in optical transmission is employed • 



CLAIMS 



1. & method for ultra- fast conversion of time signal into 
two -dimensional space signal wherein a signal light pulse and 
a reference ultra-short light pulse having an appropriate width 
in space are introduced into a nonlinear crystal through a 
dispersion device and an one - dimensional Fourier transformation 
optical system, a second* harmonic which is generated by 
satisfying phase matching condition in the nonlinear crystal 
is subjected to time- to -space conversion through an inverse 
one -dimensional Fourier transformation optical system so as to 
be converted into an one* dimensional space distribution, the 
time- to- space converted one -dimensional space distribution is 
subjected to filtering with a time -frequency filter provided 
on a filter plane of an one -dimensional space frequency filtering 
optical system, and a time -frequency expanded two-dimensional 
light distribution representing a relation between time and 
€r«quoaey of aign«l pulse light is regarded as a two 

dimensional space signal * 

2. A method for ultra-fast conversion of time signal into 
two-dimensional space signal wherein a signal light pulse and 
a reference ultra-short light pulse having an appropriate width 
in space are introduced into a dispersion device at angles 
symmetric with respect to optical axis, light waves from the 
signal light pulse and the reference ultra-short light pulse 
which are dispersed due to a time difference generated by a 
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difference of Incident positions on the dispersion device are 
passed through an one -dimensional Fourier transformation 
optical system so as to be converted into one -dimensional 
frequency light distributions having different incident angles 
depending on the incident positions on the dispersion device, 
the one -dimensional frequency light distributions is introduced 
into a nonlinear optical crystal , a second-harmonic which is 
generated by satisfying phase matching condition determined 
depending on an angle formed by the incident one • dimensional 
frequency light distributions is subjected to time- to -space 
conversion through an inverse one* dimensional Fourier 
transformation optical system so as to be converted to an 
one -dimensional space distribution , the time* to -space 
converted one* dimensional space distribution is converted into 
an one - dimensional ' space frequency distribution by an 

one •dimensional Fourier transformation optical system, the 
one -dimensional space frequency distribution is subjected to 
filtering by a time -space filter, light wave thus obtained is 
subjected to time -frequency expansion through an inverse 
one -dimensional Fourier transform optical system so as to obtain 
an intensity distribution of a two* dimensional light 
distribution, and the time - frequency expanded two* dimensional 
light distribution representing a relation between time and 
frequency of the signal pulse light is regarded as a two 
dimensional space signal. 

3, tthe method for ultra-fast conversion of time signal into 
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two-dimensional space signal according to claim 1 or 2, wherein 
space frequency filtering is employed as the time-frequency 
filter. 

4. The method for ultra-fast conversion of time signal into 
two-dimensional space signal according to any one of claims 1 
to 3, wherein the time -frequency filter has a different 
transmissivity distribution and a vertical cut out position of 
a space frequency component of a light wave outputted from the 
one -dimensional Fourier Transform light system is arbitrarily 
selected. 
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|| klcfmcd in Title 37, Code of Federal Regulations, gl .56, 

55 § 

P| hereby claim priority benefits under Title 35, United States Code, §119 (and §172 if this application is for a Design) of any 
^ applicaiion(a) for patent or inventor's certificate listed below and have also identified below any application for patent or inventor's 
^certificate having a filing date before that of the application on which priority is claimed; 



COUNTRY 



APPLICATION NO. 



DATE OF FILING 



PRIORITY 
CLAIMED 



Japan 



1999-08)905 



March 26, 1999 



YES 



1 hereby claim the benefit under Title 35, United States Code 8120 of any United State* application^) listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in the prior United States application in the manner provided by 
the first paragraph of Title 35, United States Code §112, I acknowledge the duty to disclose information material to patentability as 
defined in Title 37, Code of Federal Regulations, §1 .56 which occurred between ihe filing dute of the prior application and the national 
or PCT international filing date of this application: 



APPLICATION SERIAL NO, 


U.S. FILING DATE 


STATUS: PATENTED, PENDING, 
ABANDONED 






= 









And I hereby appoint Michael R. Davis, Reg, No. 25,134; Matthew M. Jacob, Reg. No. 25,154; Warren M. Cheek, Jr., Reg, No. 
33,367; Nils Pederscn. Reg. No, 33,145; Charles R. Watts, Reg. No, 33,142; and Michael S, Huppert, Reg, No. 40,268, who together 
constitute the firm of WENDEROTH , LIND & PONACK, LLP., as well a* any other attorney* and ageiii* associated with Customer 
No. 000513, to prosecute this application and to transact all business in the U.S. Patent and Trademark Office connected therewith. 



I hereby authorize the U.S, attorneys and agents named herein to accept and follow instruction!* from NISH1ZAWA & ASSOCIATES 
as to any action to be taken in the U ,S. Patent and Trademark Office regarding this application without direct communication between 
the U.S. attorneys and myself. In the event of a change in the persons from whom instructions may be taken, the U.S. attorneys named 
herein will be so notified by me. 



RECEIVED TIMEJAN. 31. 2 : 58AM 



mS&m 2002^ 1^31 H C40 1 6 : 58/M1 6 : 56/»K4503499500 P 6 



I further declare that all statement* made herein of my own knowledge arc true, and that all statement* on information and belief are 
behoved to be true; and further chat the*.- statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 otthc United States Code, and thut such willful false 
4tateiriems may jeopardise the validity of the application or any patent issuinj^thcreon. 

ht Inventor ^^^^ } _Q^ A/vlo^ Dftle January 28, 2002 

2nd Invcn^T^^ps^^rj^^^ . Date January 28. 2QQ2 

TauyosWKOlSlSHI *^ 

3rd Inventor Date 



4lb Inventor _ Date 

5lb Inventor Dale 

6th Inventor 



Date. 



^The above application may be more particularly identified as follows: 

^J.S. Application Serial No. Piling Date Scntemhcr 26. *MQI 

^Applicant Reference Number 00-F-014PCT-US/KT Any Docket No. 2001 1462 A 

^Tille of Invention METHOD FOR ULTkA-FAST CONVERSION OF TIME SIGNAL INTO TWO-DIM ENSIONAI. SPAPF 

fU 



Page 3 of 3 

RECEIVED TIMEJAN. 31. 2:58AM 



